Abstract Early T-precursor (ETP)-ALL, a type of T-ALL, is a new pathobiologic entity with distinct immunophenotype (CD1a -, CD8 -, CD5 weak/absent with stem-
Introduction
T-acute lymphoblastic leukemia (T-ALL) constitutes about 15 % of all ALL in children and about 25 % of adult ALL [1] . Recent studies have identified a subtype of T-ALL termed ''early T-precursor'' (ETP) ALL that comprises up to 15 % of T-ALL, and is associated with a high risk of treatment failure. This entity was first described at St. Jude Children's Research Hospital based on the findings of the flow cytometric analysis and gene expression profiling [2] . ETPs (early T-precursors) are a subset of thymocytes representing recent immigrants from the bone marrow to the thymus; they retain multilineage differentiation potential, suggesting their direct derivation from hematopoietic stem cells. These thymocytes retain the ability to differentiate into cells of both the T cell and myeloid, but not B-cell, lineages [3] . ETP ALL is characterized by aberrant expression of myeloid and haematopoietic stem cell markers (for example, CD13, CD33, CD34 and CD117), weak or absent expression of CD5, lack of expression of the T-lineage cell surface markers CD1a and CD8, and a gene expression profile reminiscent of the murine early T-cell precursor [4] .
Genetic instability in ETP-ALL is among the highest yet recorded for any type of ALL [5] . Most recently, for the group of ETP-ALL a mutational spectrum similar to acute myeloid leukemia (AML) was observed [6, 7] .ETP-ALL patients show less frequent NOTCH 1 mutations (15 %) [8, 9] and a high rate of FLT-3 mutations (35 %). Even among ETP-ALL patients, patients with a FLT3 mutation show a distinct immunophenotype with positivity for CD117, CD34, CD13 and CD2. In contrast, ETP-ALL patients with a FLT3 wild-type status have more often positivity for CD5 and CD33 [9, 10] .
At molecular level, the expression of stem cell-associated genes (BAALC and IGFBP7) and genes known to be of prognostic significance in AML (BAALC, MN1, WT1) are underlining the immature nature of ETP-ALL, which have been correlated with the poor outcome [11, 12] .The multilineage potential is further strengthened by the overexpression of the molecular marker WT1 in ETP-ALL which confers poor prognosis in AML as well as ETP-ALL [13, 14] .
Patients with ETP-ALL have a particularly poor response to chemotherapy, very high risk of remission failure and subsequent relapse indicating the need for alternative approaches to treatment. On the basis of this, ETP-ALL is regarded as a high-risk subgroup and allogeneic hematopoietic SCT is recommended in first complete remission (CR) [2, 15, 16] .
The incidence of T-ALL is higher (21-41 %) in India as compared to West (11-25 %) [17] . No data exists regarding ETP-ALL from Indian Sub-continent due to either rarity or non-recognition of this entity.
Our Experience with ETP-ALL
We hereby are briefly reporting the initial presentation, diagnostic challenges and outcome of six cases of ETP-ALL seen at our centre between 2009 and 2012.
The baseline characteristics, flow cytometry findings, treatment regimens used and response to therapy is shown in Table 1 . Three patients (patient 1, 2 and 6) were initially diagnosed as T-ALL but later on found to have ETP-ALL after the retrospective analysis of 65 T-ALL patients diagnosed between 2009 and 2012. Four were young adult males (between 20 and 27 years) whereas (patient 4) was 12 years old girl and (patient 6) was 53 years old. Five out of six patients were males. Four patients (patient 1, 3, 5 and 6) had TLC \ 4 9 10 9 /L at baseline. Organomegaly in the form of lymphadenopathy was present in all six cases. Mediastinal mass was present in two patients (patient 1 and 4). Baseline CSF examination was normal in all patients. The flow cytometric analysis of bone marrow of all four patients showed expression of T-cell markers except for CD1a, CD8 and CD5 and aberrant expression of myeloid markers (CD13, CD33, CD34 and CD117) which was consistent with the diagnosis of ETP-ALL. FLT3 mutation analysis which could be done in patient 3 and 4 was negative. All patients were given intensive ALL induction protocols. Two patients received induction according to INCTR protocol [18] , three received BFM-90 ALL protocol [19] and one received HyperCVAD protocol [20] . Only one patient (patient 4) who received HyperCVAD protocol achieved remission and is currently on maintenance. The rest five patients did not achieve remission at 4 weeks of diagnosis and died of various infectious complications of leukemia. Overall, the response to treatment was very poor in this subset of patients.
Discussion
ETP-ALL is a strong negative predictor of outcome in T-ALL patients [2] . Since this is a newly recognized entity of T-ALL with limited literature and no Indian data, we decided to share our experience.
Coustan-Smith et al.
[2] first described this entity in 2006 at St. Jude Children's Research Hospital. Out of 139 cases of T-ALL studied, ETP-ALL was found in 17 (12.2 %) patients on the basis of typical immunophenotype and gene expression profiling. These cases had highly variable karyotypes. No significant associations between a diagnosis of ETP-ALL and clinical features were found. Thirteen of 17 patients had detectable minimal residual disease after the first phase of remission induction as compared to 55 of the 91 patients having typical T-ALL. The 2-year EFS of ETP-ALL patients was 22 versus 71 % for those with typical T-ALL.
Neumann et al. [9] studied a total of 178 patients with early T-ALL (enrolled in the GMALL trials (05/93, 06/99, 07/03) between 1993 and 2008) out of which 57 patients were identified as ETP-ALL on the basis of immunophenotype. There was no difference in the clinical characteristics between the group of ETP-ALL and non-ETP early T-ALL except that a lower frequency of patients with a mediastinal mass at diagnosis was found among patients with ETP-ALL. Patients of both groups were treated similarly in this series. Seventy-nine percent patients with ETP-ALL achieved CR after induction therapy compared to 82 % with non-ETP early T-ALL. The probability of survival at 10 years was slightly poor in patients with ETP-ALL and non-ETP early T-ALL (35 vs 38 %).Notably 10 year survival of 38 % in early T-ALL is not considered very impressive. In patients with early T-ALL, more patients remained in CR in the group of non-ETP early T-ALL than in the group of ETP-ALL (57 vs 46 %) with a follow-up of 9 years.
Neumann et al. [10] in another study analysed 68 patients of ETP-ALL out of which data on clinical follow-up was available in 52 patients. Forty-five patients were treated according to a GMALL-like protocol, three patients to an AML-like protocol. Fifty-eight percent of patients achieved a complete remission (CR) after induction therapy. The cumulative 3-year OS was 60 %. ETP-ALL patients who received an alloSCT had a favorable outcome (n = 20; 3-year OS: 74 %) compared to ETP-ALL patients treated with chemotherapy only (n = 19; 3-year OS: 37 %, P = 0.006).
Our experience with ETP-ALL is very limited. Only six patients were diagnosed with ETP-ALL in recent years after the discovery of this entity. We tried to study the clinical features, immunophenotypic characteristics, FLT3 mutation status and treatment outcome in these six patients. Similar to the original report four of the six patients were young adults. Organomegaly particulary lymphadenopathy which was seen in all six cases hasn't been described. Only one out of six patients entered into remission with standard chemotherapy protocols. Allogeneic hematopoietic SCT was planned for this patient but there was no matched sibling donor. So he was started on maintenance therapy as per ALL protocol. Currently, this patient is on maintenance therapy with disease in remission after 18 months from diagnosis. Rest five patients died because of infectious complications of leukemia within 2 months of diagnosis. Our small observation study is consistent with that in Western literature confirming the poor response of ETP-ALL to chemotherapy and high rates of induction failure. The major limitation of this study was a very small sample size. To draw conclusions with this small sample size is not justifiable and we do not intend to do so. The main purpose of this report is to make physicians aware about this entity and its poor prognosis. We also expect that by extensive flow cytometric analysis in near future more and more cases will be diagnosed and then it will be possible to have more robust studies from various centres to know the exact biology of this leukemia and to devise new chemotherapy protocols to overcome high resistance to treatment in ETP-ALL. 
